Japanese kelp (Saccharina japonica) is one of the most valuable cultured and harvested 26 kelp species in Japan. In this study, we added a physical parameter, sea surface nitrate (SSN) 27 estimated from satellite remote sensing data, to develop a suitable aquaculture site-selection 28 model (SASSM) for hanging cultures of Japanese kelp in southern Hokkaido, Japan. The 29 local algorithm to estimate SSN was developed using satellite measurements of sea surface 30 temperature and chlorophyll-a. We found a high correlation between satellite-and 31 ship-measured data (r 2 = 0.87, RMSE = 1.39). Multi-criteria evaluation was adapted to the 32 SASSM to rank sites on a scale of 1 (least suitable) to 8 (most suitable). We found that 64.4% 33 of the areas were suitable (score above 7). Minamikayabe was identified as the most suitable 34 area, and Funka Bay also contained potential aquaculture sites. In addition, we examined the 35 impact of El Niño/La Niña-Southern Oscillation (ENSO) events on Japanese kelp aquaculture 36 and site suitability from 2003 to 2010. During El Niño events, the number of suitable areas 37 (scores 7 and 8) decreased significantly, indicating that climatic conditions should be 38 considered for future development of marine aquaculture. 39 40 Keywords: ENSO, Japanese kelp, SASSM, satellite remote sensing, sea surface nitrate. 41 42 43 44 45 48 This native kelp is mainly distributed in southern Hokkaido (Ozaki et al., 2001), where it 49 plays a key economic role in coastal communities. Wild harvest has dominated the production 50 of Japanese kelp in Hokkaido (FAO, 2009). However, wild harvest has recently declined from 51 about 30,000 dry tons per year in the 1970s to 14,587 tons in 2009 (Yotsukura, 2010). At the 52 same time, as technology has improved, aquaculture production of Japanese kelp has 53 gradually increased. 54 Because most aquaculture sites are in coastal areas (water depth < 60 m), aquaculture 55 development can be influenced by many factors such as limited suitable areas, multi-use 56 conflicts with other species, environment and climate changes, and impacts of human 57 activities. Understanding the ecology and distribution of foundation species is vital for 58 conservation and coastal management and development (Daniel et al., 2012). Geographic 59 information systems (GIS) and satellite remote sensing technology have been widely used in 60 the development of aquaculture and suitable aquaculture site-selection models (SASSM).
Introduction
the most important is Japanese kelp (Saccharina japonica, preciously Laminaria japonica). Figure 2 shows the schematic framework for the Japanese kelp SASSM. The GIS model 161 was formed by three sub-models including the biophysical model (SST, SS, SSN, bathymetry, 162 and slope), social-infrastructural model (distance to a town or city, pier and land-based 163 facilities), and constraints model (harbor, area near town, and river mouth). Parameter weights 164 were determined by pairwise comparisons according to the analytical hierarchy process for 165 decision making (Saaty, 1977) . The kelp productions of each zone were used to verify the 
Results

170
Local algorithm for SSN development 171 Some studies have estimated SSN in the Pacific using satellite-observed data (Goes et al., 172 1999; Switzer et al., 2003) . However, few studies have focused on the regional scale, 173 especially Funka Bay, Japan. We developed local algorithms to examine variations in SSN as 174 a function of SST and Chl-a in the waters of southern Hokkaido. Before the calculations, we 175 verified the accuracy of the predictors from the satellite remote sensing data. Comparison of 9 the MODIS data and in situ data showed a strong relationship between satellite-and 177 ship-observed SSTs, with a coefficient of determination (r 2 ) of 0.96 ( Fig. 3A) . Figure 3B 178 presents a comparison of satellite Chl-a and in situ measurements. Although some 179 satellite-derived Chl-a values were over-or underestimated compared to in situ measurements, 180 the correlation between both parameters was statistically significant (r 2 = 0.62, p < 0.001, n = 181 124). These relationships indicated that the satellite data provide reasonable SST and Chl-a 182 for this region. When the statistical fitting procedure was applied, the relationship could be 183 described by the following equation: (Fig. 4B ). Therefore, we tested the newly developed SSN algorithm in Funka Bay, and the 196 results showed a significant relationship between shipboard and satellite-estimated SSN (r 2 = 197 0.87, RMSE = 1.39) (Fig. 4C ). . Monthly production of Japanese kelp and ONI in southern Hokkaido (2003 Hokkaido ( -2010 .
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